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The e f f e c t s  o f  hydrostat ic  pressures o f  5, 10, and 20 k i l oba rs  
I 

i n  inducing permanent changes i n  sub-structure have been invest igated 

by transmission e lec t ron  microscopy f o r  a h igh p u r i t y  i r o n  and two 

i ron-carbon a1 loys (0.065 and 0.30 weight percent carbon). 

resu l t s  show tha t  a f t e r  subject ion t o  pressure, new d i s loca t i on  arrays 

are  found i n  the v i c i n i t y  o f  many o f  the second phase p a r t i c l e s  

present i n  these mater ia ls.  These observations provide d i r e c t  sup- 

The 

p o r t  f o r  the hypothesis tha t  the prev ious ly  reported changes i n  the 

p l a s t i c  behavior o f  iron-carbon a l l o y s  as the r e s u l t  o f  the applica- 

t i o n  o f  hydros ta t i c  pressure are due t o  the generation o f  ' f r ee '  

d is locat ions.  

Analogous studies on tungsten have been i n i t i a t e d .  The 

s t ruc tu ra l  changes on annealing r o l l e d  sheet o f  commercial p u r i t y  a re  

being fol lowed t o  es tab l i sh  the nature of the f u l l y  annealed structure.  

Sui tab le techniques f o r  the preparation of t h i n  f o i l s  from 3/4" 

diameter tungsten bar a re  being developed. 

eyc l ing  experiments on annealed thor ia ted  tungsten w i re  t o  peak 

Pre l iminary pressure 

pressures o f  14 and 20 k i lobars  have been ca r r i ed  out. 

Some aspects o f  the work on pressure-induced s t ruc tu ra l  

changes i n  i r o n  have been accepted f o r  pub l i ca t i on  i n  Physica Status 
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1 . I NTRODUCT 1 ON 

I n  view o f  the po ten t i a l  importance o f  simple pressure cyc l i ng  as a 

means o f  changing the p l a s t i c  behavior o f  body centered cubic metals 

conta in ing second-phase p a r t i c l e s ( 1 ' 2 ) i t  i s  des i rab le t o  a t t a i n  a b e t t e r  

understanding o f  the nature and extent o f  these changes i n  var ious metals 

and o f  the s t ruc tu ra l  fac to rs  con t ro l l i ng  them. The current  inves t iga t ion  

was undertaken w i t h  the p r i n c i p a l  ob ject ives o f  con t r i bu t i ng  t o  such an 

understanding by (a) at tempt ing t o  v e r i f y  a d i s loca t i on  generation hypo- 

thes is  proposed t o  account f o r  the observed changes i n  mechanical behavior 

f rom transmission e lec t ron  microscopy studies on pressure cycled i r o n  and 

iron-carbon a1 loys, and (b) conducting some pre l im inary  studies o f  pressure 

e f f e c t s  on substructure and p l a s t i c  behavior i n  annealed tungsten - as a 

" b r i t t l e "  body centered cubic metal - and molybdenum. The inves t i ga t i on  

was i n i t i a t e d  on 1 June, 1964, and the present repor t  describes the research 

c a r r i e d  out  dur ing the subsequent six-month period, While the p r i n c i p a l  . 

e f f o r t  i n  t h i s  per iod has been d i rected t o  the e lec t ron  microscopy study 

o f  i r o n  and iron-carbon a l loys ,  useful progress has a l so  been made i n  the 

analogous study o f  tungsten. 

I 

During the per iod 27 Ju ly  - 8 August, 1964, the p r i n c i p a l  invest iga- 

to r ,  Professor S. V i c to r  Radcl i f fe ,  was a guest of the Max-Planck l n s t i t u t  

f u r  Metallforschung, S tu t tgar t ,  West Germany. I n  co l labora t ion  w i t h  

D r .  H. Warlimont, the electronmicroscopy study o f  f o i l s  o f  pressure-cycled 

and iron-carbon a l l o y s  was continued in tens ive ly  dur ing t h i s  period. 

1s o f  the resu l t s  are included i n  the present report .  A paper deal ing 

the  pressure-induced changes observed i n  the substructure was presented 

y a t  the Thi rd  European Electron Microscopy Conference i n  Prague 

(26 August - 2 September) and a more de ta i led  account has been accepted 

f o r  pub l i ca t i on  i n  Physica Status So l id i .  25 copies of the l a t t e r  paper 
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have been submitted separately to the Off ice of Grants and Research 

Contracts, NASA. 

Mr .  G. Das j o ined  the research program i n  September 1964 as a 

graduate ass is tant  and has been concerned p r i m a r i l y  w i t h  the work on 

tungsten. 

2. EXPERIMENTAL WORK 

(a) E f fec ts  o f  Pressure on Substructure i n  Iron-Carbon Al loys 

It has been reported recent ly ( l V 2 ) t h a t  the app l i ca t i on  o f  h igh 

hyd ros ta t i c  pressures t o  annealed po ly -c rys ta l l i ne  iron-carbon a l l o y s  a t  

room temperature can r e s u l t  i n  the e l im ina t i on  o f  discontinuous y ie ld ing  

and the depression o f  the f l ow  stress on subsequent t e n s i l e  s t r a i n i n g  a t  

atmospheric pressure. Independently, the authors of  both papers a t t r i b u t e d  

these changes i n  mechanical behavior t o  the generation of d i s loca t i on  a t  

second-phase p a r t i c l e s  act ing as e l a s t i c  inhomogeneities i n  a ma t r i x  phase 

of i s o t r o p i c  l i n e a r  compressibi l i ty. As the new dis locat ions would be 

formed a t  room temperature, "locking" by the migrat ion of i n t e r s t i t i a l  atoms 

t o  them would not occur readi ly.  

on subsequent s t r a i n i n g  and g ive r i s e  t o  the observed changes i n  f l o w  

character is t ics .  I n  support o f  t h i s  hypothesis, i t  has been shown tha t  

Consequently, they would be f r e e  t o  move 

thes 

miss 

h igh p u r i t y  i r o n  does not e x h i b i t  such changes(2), a t  l eas t  f o r  pressures 

up t o  10 k i lobars,  and tha t  the  e f fec ts  diminish w i t h  increasing propor t ion 

o f  the second phase'". In  order t o  provide a more d i r e c t  t e s t  o f  the hypo- 

s, the present study o f  pressure-induced s t r u c t u r a l  changes by trans- 

on e lect ron microscopy was undertaken. 

I t  i s  reasonable t o  expect that the nature o f  d i s l o c a t i o n  arrays 

developed from second-phase p a r t i c l e s  by the app l i ca t i on  o f  hydrostat ic  

pressure would resemble the arrays o f  pr ismat ic  loops which have been 

observed i n  molybdenum(3), for example, a f t e r  a thermal cycle, and a t t r i b u t e d  
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t o  stresses a r i s i n g  f rom the d i f f e r e n t  thermal cont ract ion o f  p a r t i c l e  and 

m a t r i x  on cooling. Such stresses are analogous t o  those expected t o  a r i s e  

under pressure from the d i f f e r e n t  l inear  e l a s t i c  compress ib i l i t ies  o f  the 

phases. The thermal ly developed arrays consisted o f  pr ismat ic  loops o r  

he1 ices moving on 91 1 1  planes i n  41 1) d i  rect ions. The arrays were 

observed i n  transmission e lec t ron  microscopy specimens on ly  when the surface 

o f  the molybdenum f o i l  was or iented close t o  a (011) plane - otherwise, the 

arrays apparently moved ou t  o f  the f o i l  dur ing thinning. 

Prel iminary e lect ron microscopy work i n  the present i nves t i ga t i on  on 

i r o n  specimens prepared from r o l l e d  sheet mater ia l  f a i l e d  t o  provide c lea r  

evidence of new arrays o f  d is locat ions as the r e s u l t  o f  pressure cycl ing.  

The preferred o r i e n t a t i o n  i n  annealed i r o n  sheet i s  such tha t  (100) planes 

are p a r a l l e l  t o  the r o l l e d  surface, i.e. (011) planes are a t  45O and 90° 

t o  the sheet surface. 

bdenum, i t  was concluded t h a t  the apparent absence o f  the expected new d ls-  

locat ions could be due t o  a s im i la r  ef fect  i n  the iron. Accordingly, the 

subsequent work on i r o n  and i ron-carbon a1 loys has been ca r r i ed  out  on sheet 

specimens cut  f rom r o l l e d  bar i n  such a way as t o  maximize the p r o b a b i l i t y  

of a set  of (011) planes being p a r a l l e l  t o  the sheet surface. 

I n  view o f  the reported o r i e n t a t i o n  e f f e c t  i n  moly- 

I 

A h igh p u r i t y  i r o n  (0,004 wt% C) and three h igh p u r i t y  iron-carbon 

a l l o y s  containing 0.065, 0.30 and 0.55 wt% C were obtained 

1 in. diameter ho t - ro l l ed  round bar stock. 

45 t o  the bar ax i s  and subsequently surface ground t o  g ive p a r a l l e l  faced 

sheets approximately 0.030 in., thick. These were then chemically thinned 

t o  0.009 in. t h i c k  i n  a s o l u t i o n  of 40 vol.% HN03 

H20. This so lu t i on  gives a high rate o f  th inn ing (approximately 0.010 in. per 

min,), but  i n  the case of the two a l l oys  highest i n  carbon the r e s u l t i n g  

surfaces were too rough f o r  successful th inn ing t o  f o i l s  and had t o  be f i r s t  

* 

Sl ices were m i l l e d  a t  90' and 

i n  the form o f  

0 

10 vo le% HF and 50 vol.% 
9 

*Courtesy o f  U.S.Stee1 Research Center,Honroeville,Pa. 

-3 - 



smoothed mechanically on s i l i c o n  carbide papers. The sheets were then cu t  

t o  dimensions su i tab le  fo r  f o i l  preparation by the Bollman method. 

addi t ion,  sets o f  1/8 in. discs were punched from the sheets f o r  f o i l  prepar- 

I n  

a t i o n  by the j e t  method. 

The i n i t i a l  microstructure o f  the three iron-carbon a l l o y s  consisted o f  

regions o f  f i n e  p e a r l i t e  i n  a f e r r i t e  matrix. I n  order t o  provide a more 

uniform dispersion and a j impler  morphology o f  the second phase (Fe C,cementi te) ,  

experiments were ca r r i ed  o u t  t o  determine a su i tab le  sphero id i r ing heat t rea t -  

3 

ment. Test samples were sealed i n  evacuated Vycor capsules, austeni t ised 

and isothermal l y  transformed f o r  long times a t  temperatures j u s t  below 727OC 

(the autectoid temperature), 

treatment were obtained by the fo l lowing sequence - aus ten i t i se  a t  927OC fo r  

15 minutes, furnace cool t o  695OC and hold fo r  17 hours, furnace cool t o  room 

The most sa t i s fac to ry  r e s u l t s  from t h i s  type of 

temperature (8 hours). The sets o f  specimens f o r  each a i l o y  were sealed i n  

separate Vycor capsules and subjected t o  t h i s  treatment. 

Pressure c y c l i n g  experiments to 5, 10 and 20 k i l oba rs  were ca r r i ed  out  

on batches o f  the heat-treated specimens including sheets and d iscs o f  each 

of the four  compositions. I n  each case, a s ing le  cyc le  was used; the pressure 

was raised slowly (approximately 10-15 minutes per k i l oba r )  held a t  the peak 

value f o r  a few minutes, and released slowly (approximately 60 minutes). The 

5 and 20 k i l o b a r  experiments were carr ied out w i t h  isopentane as the pressure 

t ransmi t t i ng  medium i n  a piston-cyl inder apparatus o f  3/4 in.  bore. 

i s  d r i ven  by a 125 ton hydraul ic  ram. 

o f  the other end o f  the cy l i nde r  and t o  develop corntraining forces on the 

The p i s t o n  

A 500 ton ram i s  used t o  e f f e c t  c losure 
' 

cy l inder ,  which has a conical  external shape, by d r i v i n g  i t  into a matching 

conica l  ho le I n  a second larger  cyl inder. Pressure i s  monitored continuously 

by measuring the change i n  resistance o f  a manganin c o i l  i n  the pressure 

chamber by means o f  an A.C. Bridge and char t  recorder. The 10 k i l o b a r  experi- 

ment was ca r r i ed  out  i n  a pressure bomb connected t o  an i n t e n s i f i e r .  The f l u i d  

used i n  t h i s  case was kerosene. 
-4- 



24,000 X 
F iq .  1 - Example of dis locat ion  arrays i n  carbide 

colony i n  as-annealed Fe - 0.3%C a l l o y .  

20,000 x 32,000 X 

phase p a r t i c l e s  as the r e s u l t  of pressure treatment: 
(a) Fe -0.065% C,10 k i l o b a r s ;  (b) Fe- 0.3%C, 20 k i l o b a r s  

F iq .  2 - Examples of new d is locat ion  ar rays  emanating from second- 
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10,000 x 
F iq .  3 - Dis locat ion  tangles protruding from second phase 

p a r t i c l e .  Inser t  shows d i s l o c a t i o n  r i n g  which 
probably represents a cross sect ion  through 
such a protrusion. Fe - 0.3%C, 20 k i l o b a r s .  

15,000 X 
F i q . 4  - Dense tangles of  d i s  

phase p a r t i c l e .  (a) 
(b) high p u r i t y  i ron 

22,500 X 
ocations formed around a second- 
Fe -0.3% C, 20 k i l o b a r s ,  

20 k i l o b a r s .  

-6- 



. F o i l s  f o r  transmission electron microscopy were prepared from sheet 

specimens o f  both the as-spheroidised and the pressure t reated mater ia l  by 

chemical th inn ing ( i n  a s o l u t i o n  o f  2 p a r t s  o f  orthophosphoric acid and 

1 p a r t  o f  hydrogen peroxide a t  70'- 90°C) fol lowed by e lec t ro th inn ing  by 

the Bollman method ( In  a s o l u t i o n  of  135 cc ace t i c  acid, 25 gm chromic 

oxide and 7 cc water a t  8' t o  16OC). 

The mlcrost ructure o f  the specimens p r i o r  t o  pressure treatment 

consisted o f  large f e r r i t e  gra ins containing i so la ted  carbide p a r t i c l e s  

w i t h i n  the grains and a t  g r a i n  junct ions,  together w i t h  f e r r i t e l c a r b i d e  

colonies. These colonies exhib i ted numerous s tab le d i s l o c a t i o n  networks 

as shown I n  Fiqure 1, whereas the large f e r r i t e  grains contained on ly  a 

few i so la ted  dis locat ions.  I n  addi t ion some u n i d e n t i f i a b l e  inc lus ions were 

observed. 

A f t e r  subject ion t o  pressure, addi t ional  d i s l o c a t i o n  arrays were found 

i n  the v i c i n i t y  o f  many, but by no means a l l ,  second phase pa r t i c l es .  The 

present analysis i s  r e s t r i c t e d  t o  d i s loca t i on  arrays i n  the v i c i n i t y  o f  

i so la ted  pa r t i c l es ,  since no conclusive observations could be made w i t h i n  

the f e r r i t e l c a r b i d e  colonies because o f  the presence of  complex d i s loca t i on  

networks there p r i o r  t o  pressure treatment. 
I 

A t  the lower pressures applied (5 and 10 k i lobars) ,  the densi ty of 

d i s loca t i ons  generated i s  low and the arrays resemble ser ies o f  pr ismat ic  

loops which have a common ax i s  i n  well-defined crysta l lographic  d i rect ions.  

Examples are shown i n  Figure 2a, where d is locat ions are seen t o  have o r ig ina ted  

from a p a r t i c l e  located a t  the boundary o f  two f e r r i t e  grain!, and Figure 2b, 

where a h e l i x - l i k e  array i s  emanating from a l a rge r  p a r t i c l e .  

A t  the highest pressure applied (20 k i lobars) ,  two main types o f  more 

I 

dense and complex d i s loca t i on  arrays develop, 

t i o n  tangles protrude from a p a r t i c l e  On s p e c i f i c  d i rec t i ons  t o  d stances 

l a rge  compared t o  the p a r t i c l e  diameter, as shown i n  Figure 3. D s locat ion 
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# 

I 
I 

50,000 X 

20,000 x 20,000 x 

t -  
4 

20,000 x 
F i q .  5 - Substructure i n  tungsten sheet. (a)  a s - r o l l e d  condit ion,  

(b), (c) and (d )  vacuum annealed a t  1180° C f o r  10 minutes. 
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arrays l i k e  tha t  shown i n  the inser t  of Figure 3 ,  which was taken f rom 

a d i f f e r e n t  area o f  the same specimen, were observed occasional ly and 

probably represent cross sections through a protrusion. The second type 

consists o f  a very dense tangle surrounding a p a r t i c l e ,  w i t h  i t s  d is-  

l oca t i on  densi ty decreasing uniformly i n  d i rec t i ons  away from the 

pa r t i c l e -ma t r i x  interface. 

i n  Figure 4a. 

t h i n  p a r t i c l e s  were observed i n  the f o i l s .  

by e lect ron d i f f r a c t i o n ,  but  d i d  give r i s e  t o  d i s l o c a t i o n  arrays o f  the 

second type - as shown i n  Figure 4b. 

8 

An example i s  given f o r  a spherical p a r t i c l e  

I n  the case o f  the high-pur i ty iron, occasional long and 

They could not be i d e n t i f i e d  

These observations provide d i r e c t  support f o r  the hypothesis tha t  

the reported changes i n  the p l a s t i c  behavior o f  i r on ( l ’ * )a re  due t o  the 

generation o f  d i s loca t i ons  dur ing the pressure cycle. Arrays of the k ind 

shown i n  Figures 2 and 3 suggest, more s p e c i f i c a l l y ,  t h a t  pr ismat ic  punching 

i s  one o f  the operat ing mechanisms o f  d i s l o c a t i o n  generation. The pressure- 

induced arrays are analogous with, but more complex than, those formed by 

t h e m a l  contract ion stresses a t  second-phase p a r t i c l e s  on cooling. 

4 

It i s  not c lea r  from the present work why d is locat ions are not observed 

a t  a l l  i so la ted  carbide p a r t i c l e s  a f t e r  pressure treatment. However, there 

i s  some evidence tha t  the dis locat ions appear more frequent ly a t  the l a rge r  

and/or more asymnetric pa r t i c l es .  

inc lus ions observed i n  the a l l o y  f o i l s  exhib i ted d i s l o c a t i o n  arrays than 

d i d  the carbide pa r t i c l es .  

o r  l a rge r  anisotropy f o r  the inclusion. 

precludes v e r i f i c a t i o n  o f  t h i s  point. 

A greater propor t ion o f  the occasional 

This indicates a smaller l i nea r  compress ib i l i ty  

Lack o f  re levant e l a s t i c i t y  data 

(b) Effects o f  Pressure on Substructure i n  Tunqsten 

No previous studies o f  the e f fec ts  o f  pressure cyc l i ng  have been 

reported f o r  tungsten. However, i t  was ant ic ipated t h a t  for  annealed powder 

meta l lurgy mater ia l  o f  comnercial pu r i t y ,  o r  w i t h  de l i be ra te  small addi t ions 
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o f  a second phase, e.g. thor ia ,  subjection t o  a pressure cyc le  should 

lower the f l o w  stress i n  an analogous manner t o  the e f f e c t  i n  iron, I n  the 

case o f  the tungsten, t h i s  could lead t o  a lowering o f  the t r a n s i t i o n  tem- 

perature from d u c t i l e  t o  b r i t t l e  behavior which might be s u f f i c i e n t  t o  

improve i t s  room temperature d u c t i l i t y .  

The i n i t i a l  e f f o r t s  i n  the present i nves t i ga t i on  have been d i rected t o  

developing su i tab le  techniques f o r  the preparat ion o f  f o i l s  f o r  e lect ron 

microscopy, t o  establ ish ing appropriate annealing procedures and examining 

the s t ructures developed i n  the annealed mater ia l .  I n  addi t ion,  some 

pre l iminary observations are being made o f  the e f f e c t s  o f  pressure c y c l i n g  

on the mechnical behavior o f  annealed thor ia ted tungsten (2% t ho r ia )  wire. 

I n  view o f  the e f f e c t s  o f  preferred o r i e n t a t i o n  experienced w i t h  

i ron,  tungsten i n  the form o f  sintered and extruded rod 3/4 in. diamter, 

was selected f o r  the pressure study. 

stock and prepared i n  the undoped and doped condi t ions and w i t h  2% t h o r i a  

Sample rods made from 99.99% W powder 

a d d i t i o n  have been obtained, A f te r  observation o f  t h e i r  annealed structures,  

one o f  these mater ia ls  w i l l  be used f o r  main study. Because o f  the d i f f i -  

c u l t y  o f  machining tungsten by normal methods, the technique adopted f o r  

prepar ing f o i l  specimens consists i n  high vol tage spark-machining a 0.030 in. 

t h i c k  s l i c e  from the bar stock, and spark-planing the s l i c e  t o  0.015 0.020 in. 

th ick.  The s l i c e  i s  then electropol ished t o  f o i l  by the window and Bollman 

methods used i n  succession. Attempts t o  apply t h i s  sequence d i r e c t l y  t o  

annealed undoped tungsten (annealed i n  vacuum a t  1675OC f o r  15 min.) have 

not y e t  provided sa t i s fac to ry  fo i ls .  The p r i n c i p a l  problem encountered 

has been the need t o  mechanically po l i sh  the planed specimens t o  smooth 

the surfaces before electropol ishing. Without such smoothing, general per- 

f o r a t i o n  occurs before the f o i l  i s  t h i n  enough f o r  e lec t ron  transmission. 

However, the extreme b r i t t l e n e s s  of the annealed tungsten makes i t  d i f f i c u l t  

to avoid cracking dur ing mechanical pol ishing; such cracks a lso lead t o  

-10- 



D e a r l y  pe r fo ra t i on  dur ing subsequent electropol ishlng. Attempts t o  overcome 

these problems are being made by (a) improving the method o f  mechanical 

po l i sh ing  and (b) carry ing ou t  the s l i c i ng ,  p laning and mechanical p o l i -  

shing operations on as-extruded tungsten, which i s  less b r i t t l e .  

I n  order t o  gain experience i n  the transmission e lect ron microscopy 

analysis o f  tungsten a t  the same time as developing the speeimen prepara- 

t i o n  method f o r  bar stoek, f o i l s  have been prepared from undoped tungsten 

i n  the form o f  0,006 in. t h i c k  r o l l e d  sheet. 

the sheet consists i n  chemically po l ish ing i n  a s o l u t i o n  containing 

35 cc HF, 35 cc H2S04, 50 cc HNO and 50 cc H20 a t  100°C t o  reduce the 

thickness t o  approximately 0,002 i n o ,  fol lowed by e lec t ropo l i sh ing  i n  a 

2% NAOH s o l u t i o n  a t  room temperature using the window and Bollman tech- 

nTques i n  successlon, Considerable improvement i n  the qual i t y  o f  po l  i shi ng 

The technique adopted f o r  

3 

was achieved by the use o f  a bat tery  vol tage supply ra ther  than the usual 

r e c t i f i e d  A,C. supply, and by careful  cont ro l  of the s t i r r i n g  o f  the elec- 

t r o l y t e .  

Some of the s t ructures observed i n  as-rol led and annealed sheet are 

shown i n  Figure 4. The as-ro l led sheet ( f i gu re  4a) consists o f  elongated 

sub-grains w i t h  containing dense d i s loca t i on  tangles and some evidence o f  

a c e l l  structure, 

greater p a r t  o f  the specimens examined exhib i ted l a rge r  gra ins containing 

i so la ted  d is locat ions and a p o l y p n i s e d  substructure (Figures 4c and 4d). 

Some areas s t i l l  e x h i b i t  elongated subgrains (Figure 4b) w i th  t h e i r  long 

ax i s  c lose t o  the E O l l ]  d i rect ion,  the preferred o r i e n t a t i o n  i n  tungsten 

sheet, but  the densi ty o f  d is locat ions i n  them i s  considerably less than 

i n  t h e  as-ro l led mater ia l .  

w i th  the  tungsten sheet i n  order t o  establ ish c l e a r l y  the s t r u c t u r a l  

c h a r a c t e r i s t i c s  o f  the f u l l y  annealed mater ia l ,  inc lud ing the presence and 

d i s t r i b u t i o n  o f  any second-phase par t ic les.  

A f t e r  vacuum anneal ing a t  118OOC f o r  10 minutes, the 

Further annealing experiments are i n  progress 
. 



L 

To e f f e c t  some pre l iminary observations o f  the e f f e c t s  o f  

pressure cyc l i ng  on the mechanical behavior o f  tungsten p r i o r  t o  the 

se lec t ion  o f  the mater ia l  f o r  deta i led study, experiments have been 

conducted on 0,030 in. tipamter wires o f  thor ia ted  tungsten, S t ra igh t  

0 specimens, 4 in .  long, were vacuum annealed a t  1300 C for 10 minutes and 

then pressure cycled i n  a s i m i l a r  manner t o  the i r o n  specimens t o  peak 

pressures o f  14.5 and 20 k i lobars.  Attempts t o  ca r ry  ou t  t e n s i l e  tes ts  

i n  a constant s t ra in - ra te  machine ( Instron) have as ye t  been unsuccess- 

f u l  due t o  premature f rac tu re  i n  the gr ips.  Var ia t ions i n  g r i p  design 

and e lec t ropo l i sh ing  a reduced sect ion on the cent ra l  length o f  the t e s t  

specimens have not overcome t h i s  d i f f i c u l t y .  Although simple bend tes ts  

appear t o  ind ica te  some improvement i n  s t r a i n  t o  f rac tu re ,  no c lea r  

conclusion o f  the e f f e c t  of pressure on t h i s  mater ia l  can ye t  be deduced. 

The f a c t  t ha t  the as-drawn mater ia l  can be tested successful ly ind icates 

tha t  any such e f f e c t  i s  small. 

i ron-carbon a1 lays''), increasing mounts o f  second phase can e l  iminate 

pressure e f f e c t s  on f low stress, and t h i s  may be the reason f o r  the resu l t s  

obtained f o r  the tungsten - 2% t ho r ia  a l loy .  

As shown by the e a r l i e r  resu l t s  f o r  

Further t e s t s  have been 

i n i  t i  ated on unthor i  ated tungsten w i  r e e  
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. 
3. FUTURE WORK 

During the next six-month per iod o f  the program, f u r t h e r  

a t t e n t i o n  w i l l  be paid to  the e f f e c t  i n  iron-carbon a l l o y s  o f  the 

volume proper t ies of  the second phase and the magnitude o f  the 

appl ied hydrostat ic  pressure on the nature o f  the changes i n  sub- 

structure.  Tensi le s t ress -s t ra in  measurements w i l l  be carre la ted 

w i t h  the s t ruc tu ra l  observations and the e f f e c t s  o f  aging w i l l  be 

examined. 

the annealed s t ructure w i l l  be completed on the sheet mater ia l  and 

extended t o  the various rod materials, The e f f e c t s  o f  pressure cyc l i ng  

on the selected mater ia l  w i l l  then be examined w i t h  respect t o  e lect ron 

microst ructure and t e n s i l e  behavior a t  room temperature. Depending on 

the nature o f  the r e s u l t s  obtained f o r  tungsten, a l i m i t e d  study w i l l  

be conducted of the e f f e c t s  o f  pressure cyc l i ng  on molybdenum. 

I n  the ease o f  tungsten, the e lect ron microscopy study o f  
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